Parental involvement and communication are essential for language development in young children. However, hearing parents of deaf children face challenges in providing language input to their children. This study utilized the largest national sample of deaf children receiving cochlear implants, with the aim of identifying effective facilitative language techniques. Ninety-three deaf children ( 2 years) were assessed at 6 implant centers prior to and for 3 years following implantation. All parent-child interactions were videotaped, transcribed, and coded at each assessment. Analyses using bivariate latent difference score modeling indicated that higher versus lower level strategies predicted growth in expressive language and word types predicted growth in receptive language over time. These effective, higher level strategies could be used in early intervention programs.
Ninety percent of children with sensory neural hearing losses (SNHL) are born to hearing parents (Albertini, 2010) . Thus, an immediate "mismatch" between the hearing status of the child and parent presents a significant barrier to effective communication (Meadow-Orlans, & Spencer, 1996; Quittner, Leibach, & Marciel, 2004) . Children with moderate to profound prelingual hearing loss experience significant auditory deprivation that places them at risk for difficulties with oral language and literacy skills. These delays in the early precursors of oral language lead to deficits in vocabulary development, morphology, syntax, academic achievement, and social development (Spencer & Marschark, 2010; Svirsky, Robbins, Kirk, Pisoni, & Miyamoto, 2000) . Hearing parents of children with severe to profound hearing loss, who choose oral language as their primary mode of communication, have better opportunities than in previous years to develop their children's oral language skills with the use of a cochlear implant (Geers, Nicholas, & Sedey, 2003; Niparko et al., 2010; Svirsky et al., 2000) .
Despite these encouraging results, there is significant variability in these children's language outcomes, after accounting for child age and length of implant use (Duchesne, Sutton, & Bergeron, 2009; Niparko et al., 2010) . Family variables, such as socioeconomic status (SES) and parental linguistic input, may partially account for these individual differences in the outcomes of young deaf children. To date, few studies have evaluated the impact of parental linguistic input on deaf children's language development. In the largest, most recent multisite study of young deaf children, cochlear implantation was associated with significant improvements in comprehension and expression of spoken language over 3 years of implant use (Niparko et al., 2010) . After controlling for SES and child hearing characteristics (e.g., length of auditory deprivation, residual hearing), maternal sensitivity (i.e., parental warmth, positive regard, respect for child's autonomy) was also a significant predictor of growth in oral language for deaf children. The current study extended these results by measuring specific aspects of parental linguistic input during structured (art gallery) and unstructured (free play) videotaped interactions with their children. Both the quantitative (word types, mean length of utterance [MLU] ) and qualitative (facilitative language techniques [FLTs] ) elements of parental communication were measured in parent-child interactions over 3 years following cochlear implantation. Identification of these quantitative and qualitative aspects of parental linguistic input will foster the development of interventions targeted to parents of deaf children using cochlear implants.
Cochlear Implants
Prior to the introduction of cochlear implants in the 1980s, hearing aids were the only means by which children with SNHL could access auditory information. Recently, however, cochlear implant surgery has become a common practice for deaf children, particularly because those with severe to profound hearing loss receive little benefit from hearing aids (see Parment, Lynm, & Glass, 2004 , for a description of cochlear implants). Following cochlear implantation, children need to learn how to decode and interpret sounds by way of parental linguistic input and follow-up intervention services with speech-language pathologists and audiologists. In general, children with cochlear implants make significant gains in speech perception, speech recognition, and oral language skills following cochlear implantation (Baldassari et al., 2009; Spencer & Marschark, 2010; Svirsky et al., 2000) .
Despite these generally positive findings, most studies report substantial variability in oral language outcomes, even after accounting for child age and length of implant use. For example, in a group of 70 children using cochlear implants, over 50% of the children demonstrated severe language delays even after more than 2 years of experience with their cochlear implant (Svirsky et al., 2000) . Furthermore, Niparko et al. (2010) showed that some children's receptive and expressive language skills were not restored to age-appropriate levels even after 3 years of cochlear implant use.
Child factors contributing to oral language development. There are several factors that may impact oral language outcomes for young deaf children who receive cochlear implants. Age at implantation, extent of residual hearing, and duration of auditory deprivation appear to be important for the development of oral language (see Spencer, Marschark, & Spencer, 2011 , for a review). Studies have demonstrated that children implanted earlier have better language outcomes than children implanted later in life, after controlling for IQ and parent education (Geers, Moog, Biedenstein, Brenner, & Hayes, 2009 ). For example, in a study of 106 infants and toddlers, faster rates of receptive and expressive language development were reported for children implanted during the first rather than the 2nd year of life (Dettman, Pinder, Briggs, Dowell, & Leigh, 2007) . Another study of 96 children with congenital bilateral profound SNHL implanted before 4 years of age reported similar results (Holt & Svirsky, 2008) . Children implanted between 13 and 24 months of age performed better than children implanted after 24 months on measures of receptive and expressive language and word recognition tasks. However, only 29% scored within normal limits on all measures, compared to 71% that scored within the delayed range on at least one measure. Most recently, Niparko and colleagues found that both better baseline hearing thresholds and a shorter history of hearing deprivation were associated with steeper increases in receptive and expressive language over 3 years of implantation (Niparko et al., 2010) .
Parental contributions to children's oral language development. For both children with and without hearing, critical parent factors have been associated with language development. Family SES, including measures of parental education and income, have predicted vocabulary size, rate of growth of expressive language, and auditory comprehension in typically developing children (Hoff, 2003; Pungello, Iruka, Dotterer, Mills-Koonce, & Reznick, 2009) . Similarly, higher SES and maternal education have predicted better receptive and expressive language skills in deaf children receiving cochlear implants (Geers et al., 2009; Holt & Svirsky, 2008; Niparko et al., 2010) .
Studies have also shown that quality of parental involvement (Calderon, 2000; Moeller, 2000) and parent-child interactions (Niparko et al., 2010; Pressman, Pipp-Siegel, Yoshinaga-Itano, & Deas, 1999 ) have a major impact on growth of language development in children who are deaf. Results of observational studies have indicated that mothers in "mismatched dyads" tend to be more intrusive and directive in their interactions (Spencer, Erting, & Marschark, 2000) , which may negatively affect language development, attention, and parent-child attachment. Thus, language delays observed in deaf children may be due, in part, to the difficulties parents have in making adaptations to their deaf child or scaffolding the environment to facilitate their children's gains in knowledge and communicative competence Spencer et al., 2000) . In contrast, research has also shown that mothers talk to their children who are deaf in appropriate ways given their language level. Research has shown that there are no differences in input between deaf and hearing children who are at the same language level (Spencer et al., 2000) .
To date, few studies have measured the quality of parent-child interactions and their effects on language learning in deaf children. Pressman and colleagues found that greater maternal "emotional availability" (Biringen & Robinson, 1991) during videotaped free play sessions was a positive and unique predictor of gains in language for children using hearing aids, after accounting for maternal education, degree of hearing loss, and mode of communication. In the only study to date that has measured maternal sensitivity in deaf children using cochlear implants, higher maternal sensitivity predicted better growth of comprehension and expression in a 3-year longitudinal, multivariable model (Niparko et al., 2010) .
The way parents talk to their young children may also impact their children's language development. Both quantitative linguistic input (e.g., number of different types of words, MLU; Dickinson & Tabors, 2001; Fewell & Deutscher, 2004; Hart & Risley, 1999) and qualitative linguistic elements (e.g., FLTs ; Fey, Krulik, Loeb, & Proctor-Williams, 1999; Kaiser, Hancock, & Hester, 1998) are associated with better receptive and expressive language outcomes in young, hearing children. For example, young children learn words more rapidly when they frequently hear different kinds of words (Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991; Weizman & Snow, 2001 ). In addition, children develop better receptive and expressive language skills when parents comment on things they are already attending to (i.e., parallel talk), rather than when adults redirect their attention and label a different referent (Girolametto, Weitzman, Pearce, & Wiigs, 1999; Kaiser & Hancock, 2003; Yoder, McCathren, Warren, & Watson, 2001) .
Parental linguistic input and young children who are deaf. Early intervention programs highlight the important role parents' play in facilitating language development in children with hearing loss (Sandall, Hemmeter, Smith, & McLean, 2005) , and specifically, children who receive cochlear implants (Estabrooks, 2007) . These programs are based on the social interactionist theory of language development, which postulates that young children learn language in the context of their daily experiences and particularly through interactions with their caregivers and family (Chapman, 2000; Hoff, 2000) . Within this framework, however, the parent's role is very intentional, with emphasis on providing their children with a variety of words in varied utterance formats appropriate for the child's developmental and language level.
Variation in the language skills of young children with cochlear implants is strongly linked to both the quantity and quality of maternal linguistic input (DesJardin & Eisenberg, 2007; Spencer, 2004) . Specifically, hearing parents of deaf children increase the number of word types and provide more complex language structures during interactions with their toddlers, as their children demonstrate increased language skills (Spencer, 2004) . Similar results have been found for preschool and school-age children using cochlear implants (DesJardin & Eisenberg, 2007) . Specifically, the total number of word types and sentence complexity (MLU) were strongly associated with children's language skills. In fact, mothers' MLU accounted for most of the variance in children's receptive and expressive language skills.
Qualitative elements of parental linguistic input also appear to be important for young children's language skills who receive cochlear implants. To date, only two studies have investigated which FLTs are related to better oral language outcomes in deaf children with cochlear implants. Both studies were conducted by the same investigative group and used similar study procedures. The first study was conducted in a sample of 32 parent-child dyads with children ranging in age from 2 to 7 years (DesJardin & Eisenberg, 2007) . Parents' FLTs were coded during videotaped parent-child interactions (i.e., free play, two storybook activities) and language was measured using the Reynell Developmental Language Scales. Results suggested that the use of higher level FLTs, such as recast, was positively associated with children's receptive language abilities, while the use of open-ended questions was positively related to children's expressive language skills. In contrast, lower level techniques were negatively correlated with children's language development.
The second study examined the relation between FLTs and children's phonological awareness and reading skills at two points over 3 years (DesJardin, Ambrose, & Eisenberg, 2009 ). This study was an extension of the previous one, with a 50% overlap in the sample. Consistent with prior results, mothers' higher level FLTs were positively associated with their children's phonological awareness and reading abilities, whereas lower level FLTs were negatively correlated with these skills. Although these studies provided useful information on the effects of FLTs for children with cochlear implants, they had significant limitations, including small sample sizes, data collected at a single implant center, lack of assessment prior to implantation, and wide ranges of age and length of implant use.
The current study sought to identify the quantitative (word types and MLU) and qualitative strategies (FLTs) that are most effective in supporting language development in a large cohort of deaf children who received a cochlear implant before age 2 years. More specifically, this study provided systematic data on how parents use and modify their FLTs over 3 years of cochlear implantation. This enabled us to test both unidirectional and bidirectional effects of parental language input on children's language skills and the effects of children's language on parents' use of specific strategies using both latent growth curve modeling and bivariate latent difference score modeling. Strengths of our methodology included a large, national sample; use of both structured and unstructured tasks; and assessment of FLTs and language skills at baseline and each year following implantation for 3 years. Identifying the specific parental factors that enhance language skills is critical for tailoring early intervention programs for families and their young infants and toddlers who receive a cochlear implant. We expected that total number of word types would increase over time and be positively associated with improvements in language. It was hypothesized that higher level FLTs would be more effective in fostering growth of language than lower level FLTs, and parents were expected to use increasingly "higher level" FLTs in their dyadic interactions. It was also hypothesized that "lower level" FLTs would be used more frequently prior to cochlear implantation (prelinguistic stage of language development) and "higher level" techniques would be used more frequently for deaf children postimplantation (postlinguistic one-to two-word stage of language development). A secondary objective of the study was to describe and compare the quantitative and qualitative strategies used by parents in both structured (art gallery) and unstructured (free play) tasks.
Method

Participants
Participants were part of a larger study, the Childhood Development after Cochlear Implantation Study (CDaCI), a multicenter, national cohort investigation of the effectiveness of pediatric cochlear implants (Fink et al., 2007) . This is the largest and youngest sample of cochlear implant candidates that has been studied longitudinally. Participants were recruited from six clinical implant centers (Los Angeles, CA; Baltimore, MD; Miami, FL; Ann Arbor, MI; Durham, NC; Dallas, TX) and two preschools (Baltimore, MD; Dallas, TX) that enrolled hearing children (Fink et al., 2007) . The full CDaCI cohort consisted of 188 and 97 hearing children (for complete demographics of the CDaCI cohort, see Fink et al., 2007) ; however, only children 2 years of age and younger at preimplantation participated in the current study (N = 93).
Inclusion criteria for children in the CDaCI study were as follows: (a) age under 5 years, (b) severe to profound sensorineural hearing loss, and (c) parents committed to educating the child in spoken English. Exclusion criteria included significant cognitive impairment (i.e., Bayley Mental or Motor score of < 70 or Leiter International Performance ScaleRevised [Leiter-R] score of < 66). Children with minor cognitive deficits were included to increase the generalizability of the findings to a broader population of deaf children receiving cochlear implants. Participants were assessed at baseline (2-4 weeks prior to implantation) and every 6 months (from point of activation) for 3 years. Institutional review boards at all centers approved the study protocol.
The demographic characteristics for parents and their children appear in Table 1 . At enrollment, parents were instructed, "Indicate the ways your child communicates (check all that apply): Manual, Oral, Total Communication, Undecided." Although some parents reported using a combination of sign language and oral language, all parents chose to educate their child in spoken English following enrollment in this study. Upon review of videotaped parent-child interactions, no families used American Sign Language to communicate; however, 33 families (36%) used sign supported speech with their children. For example, parents would sign "ball" while saying, "You have a ball." There were no incidences where parents used more than one sign per utterance. Thus, the parents did not use sign language in a complex grammatical format.
Procedure
After an initial medical screening, a baseline assessment was scheduled 2-4 weeks prior to cochlear implant surgery, with a return visit 4-6 weeks later for implant activation. Assessments were conducted by a speech and language pathologist, typi-cally over two half-day appointments to lessen fatigue for the child and family. During the 1st day, parents completed demographic and self-report measures of communication and behavior, and children were assessed with language measures, cognitive tests, and an audiological exam. On the 2nd day, children participated in the videotaped free play, structured play, and problem-solving tasks with and without parents, and parents completed psychosocial questionnaires about their children. Follow-up assessments were then conducted every 6 months. At each assessment point, the parent-child dyad completed the videotaped interaction tasks, along with a series of questionnaires. The yearly assessment points (baseline, 12 months, 24 months, and 36 months postimplantation) and two videotaped tasks were analyzed (i.e., unstructured free play task, structured art gallery task; Quittner et al., 2004) . Only annual assessment points were included because the 6-month assessments were shorter and did not include all of the necessary measures. All measures, including those related to language, were conducted in spoken English. Parents received a $100 honorarium annually, travel stipends if required, and extended warranties for their cochlear implants as reimbursement for their time and effort. All written and videotaped materials were deidentified, replacing participant names with numbers to ensure confidentiality.
Measures: Language
Reynell Developmental Language scales (RDLs). The RDLS are commonly used, well-validated language scales for children 1-7 years (Reynell & Greuber, 1990) . They have been used with deaf and hearing children ). This test also provided explicit instructions regarding adaptation of test administration for deaf children. The measure consists of Verbal Comprehension and Expressive Language scales. Both scales have acceptable split-half reliability coefficients across age groups ranging from .74 to .93. Children's scores can be compared to normative data to produce either standard scores or language age.
Measures: Videotaped Interactions
Free play task. Free play tasks are commonly used to assess a variety of developmental processes, including the quality of parent-child interactions (NICHD Early Child Care Research Network, 1999) . Age-appropriate toys (e.g., cars, blocks, dolls) were presented to each parent-child dyad with instructions that they play "as they would at home" for 10 min. The first 5 min of the task were coded. Art gallery task. In this more structured task, parents were asked to show the child a series of five art pictures mounted on the walls of the playroom at different heights. Parents were asked to talk about the pictures for a period of 5 min and to determine which picture the child liked best and least. This task has been used in prior studies to assess parental sensitivity and communicative competence in children with atypical language development (Deckner, Adamson, & Bakerman, 2003) .
Coding Videotaped Parent-Child Interactions
Transcription of videotaped language samples. All parent and child speech, vocalizations, and sign language from the 93 videotaped dyads across four assessment points were transcribed using the Codes for the Human Analysis of Transcripts. To ensure accurate transcription of parent and child utterances, all transcriptions (100%) were reviewed by two independent transcribers. Disagreements were then discussed between the two transcribers and a consensus transcription was developed. Reliability was calculated at the utterance level. Interrater reliability for the current study indicated good agreement, ranging from 85% to 95%.
Parental facilitative language techniques. Each parent's transcribed utterance (linguistic phrase or sentence) was coded for 1 of 11 possible FLTs during both the free play and art gallery tasks. Some of the codes included imitation, linguistic mapping, closed, and open-ended questions, and parallel talk (see Table 2 for a complete description of codes; DesJardin, 2003) . To calculate interrater agreement, a random sample of 20% of the videotapes at every assessment point was coded by a second, independent rater. We found good interrater reliability, with Cohen's kappas ranging from .79 to .88 (M = 0.84). Proportional scores for each FLT were calculated and used in the analyses so that less talkative parents were not penalized. Accordingly, proportional data were calculated by dividing the total number of uses of each language technique by the overall number of parental linguistic utterances, which yielded a percentage for each strategy.
Results
Statistical Procedure
A series of bivariate latent difference score (LDS) models were used to evaluate the relation between FLTs and language development (expressive and receptive) across 3 years postimplantation (see Ferrer & McArdle, 2010 , for an overview). In addition, bivariate LDS models were used to examine whether one variable predicted change in the other (McArdle & Hamagami, 2001 ). Prior to fitting these bivariate models, univariate latent growth curve models for each variable were completed to model the change process. Next, bivariate latent growth curve models were modeled to determine whether or not FLTs and language were correlated (indicating that the change processes were related). Following these models, bivariate LDS models examined whether or not FLTs led to later change in expressive and receptive language scores, as measured by the Reynell. Because the change process could go in either direction (change in FLTs could predict subsequent change in language, or vice versa), parameters for each direction were estimated simultaneously (i.e., with FLTs as the predictor and then with language as the predictor). The variable used to assess growth in language was "time since implantation" as this is the best reflection of the effects of the cochlear implant on language learning.
Full information maximum likelihood estimation with Mplus software (Muthén & Muthén, 2008) was used for all analyses. This procedure estimates the model parameters using all available information rather than deleting cases with incomplete data (Enders, 2001 ). Thus, families who did not complete all assessments were still utilized in these analyses. In the current study, 12 families (13%) missed at least one assessment point and 96% of participants completed the 36-month assessment point. Latent difference score models allow for many different types of change to be modeled. In the bivariate models, we utilized information from the univariate models (i.e., the change pattern) so that we could focus on the cross-variable change pattern. Thus, the univariate change pattern was constrained to what we discovered in earlier models so that reliable parameters for each predictor could be estimated.
For descriptive purposes, goodness of fit of the models was recorded. Several goodness-of-fit indices were used, which can be broken down into absolute fit (how well the model reproduces the data) and predictive fit (goodness of fit in the hypothetical replication samples). Assessment of absolute model fit was based on the log-likelihood ratio chisquare. Moreover, predictive fit statistics, including the Akaike information criteria (AIC), which is a parsimony adjusted index (i.e., favors simpler models; lower values of the AIC indicate better fit), the Bayes information criteria (BIC), which also penalizes model complexity (lower values of the BIC indicate better fit), and the root mean square error of approximation (RMSEA) were also utilized. There is no standard cutoff for an acceptable fit on the AIC and BIC, but these numbers are included to facilitate comparison of fit indices across models with higher numbers indicating better fit. For the RMSEA, a lower number indicates better fit and Browne and Cudeck (1993) indicating that .05 or less being optimal.
Descriptive Statistics
Tables 3 and 4 present descriptive statistics for the FLTs, Reynell language scores, total parent utterances, total word types, and MLU. Means and standard deviations for each variable are presented for each assessment point: baseline (preimplantation), 12 months, 24 months, and 36 months postimplantation. For FLTs, descriptive analyses are presented for each individual strategy (e.g., imitation, close-ended question), as well as for the composite scores used in the subsequent analyses (lower level FLTs, higher level FLTs). The most frequently used lower level FLTs across time were directives, comments, and close-ended questions. The most frequently used higher level FLTs were parallel talk, open-ended questions, and recast. Overall, lower level FLTs were used more frequently than higher level FLTs during parent-child interactions. For all subsequent analyses, composite scores for lower level and higher level FLTs were used.
Task Differences
Data were obtained by coding two 5-min videotaped parent-child interactions: free play and art gallery. Prior to using the composite FLTs in the final analyses, task differences were examined using a series of 2 9 4 repeated measures analyses of variance (ANOVAs). The between-subjects factor was task, with two levels (free play and art gallery). Time was the within-subjects variable, with four levels (preimplantation, 12, 24, and 36 postimplantation). Descriptive statistics by task are presented in Table 5 .
The first ANOVA examined task differences for total utterances (total number of words spoken by the parent). Results indicated a significant main effect for task, F(1, 128) = 34.43, p < .001, with Child is looking directly at a the picture of a bee and parent says, "The bumble-bee is flying over the flowers." Open-ended question Parent provides a phrase or question in which the child can answer using more than one word.
While looking at a picture, parent says, "What is happening in this the picture?" Expansion Parent repeats child's verbalization providing a more grammatical and complete language model without modifying the child's word order or intended meaning.
Child says, "baby cry" and the caregiver says, "The baby is crying." Expatiation Same as expansion, but parent adds new information to the child's utterance.
While looking at the picture-child says, "swim water" and mother says, "Yes, we are going swimming at the beach. This summer we are going to the beach." Recast Caregiver restates the child's verbalization into a question format.
Child says, "puppy gone" and the caregiver says, "Is the puppy gone?" more utterances in art gallery compared to free play. There was also a significant quadratic effect for time, F(1, 158) = 28.98, p < .001. Utterances increased from pre implantation to 12 months postimplantation, but decreased at 24 and 36 months postimplantation. A second ANOVA examined task differences for MLU. There was a main effect for task, F(1, 156) = 9.22, p < .05, with longer MLUs in art gallery compared to free play. In addition, there was a significant linear time effect, F(1, 156) = 97.63, p < .001, with MLUs significantly increasing over 3 years implantation. The third ANOVA examined task differences in parents' use of total different word types. Although there was no significant task difference, there was a significant, quadratic interaction between time and task F(1, 163) = 10.04, p < .01. At baseline, parents used more word types in the art gallery than free play task, however, at 12 months postimplantation, parents used a similar number of word types during both tasks. At 24 and 36 months postimplantation, parents resumed using more word types in art gallery versus free play. The fourth and fifth ANOVAs examined task differences in FLTs. No differences were found between the lower level or higher level FLTs in art gallery compared to free The floor of RDLS language age measure is coded as "< 13 months" for comprehension and "< 16 months" for expression. Language age measures below the RDLS floor are numerically not ascertainable through RDLS.
play, F(1, 159) = 2.27, p > .05; F(1, 159) = 2.55, p > .05, respectively. However, results indicated that there was a significant time effect, with lower level FLTs decreasing, F(1, 159) = 412.35, p < .001, and higher level FLTs increasing, F(1, 159) = 422.56, p < .001, over 3 years postimplantation. No interaction effects between task and time were found; as a result, composite scores were used for all subsequent analyses.
In summary, results were consistent with our expectation that structured tasks, such as art gallery, would be better facilitators of oral communication between parents and children. In general, parents used more words, different word types, and longer MLUs during art gallery than during free play. However, no differences in FLTs were found by task. This suggested that although art gallery produces more communication between parents and children, the quality of their communication is similar in an unstructured versus structured task.
Latent Growth Curve Modeling
The first set of models were used to determine whether FLTs (lower and higher level FLTs), parents use of different word types, and children's oral language (expressive and receptive) changed significantly over 3 years postimplantation. Loadings on the factors were constrained so that each child's trajectory would form a straight line. All variables, including lower and higher level FLTs, total word types, and expressive and receptive language scores demonstrated significant change. On average, parents used 91 different word types at baseline and these increased by approximately 13 words each year, p < .001. Furthermore, estimates of lower level FLTs at baseline occurred on average for 72.58% of the total 10-min interaction and decreased by 7.86% over time, p < .001. Estimates of higher level FLTs averaged 26.80% over 10 min and increased by 8.02% each year, p < .001. Estimates of expressive language raw scores were, on average, 5.20 and increased by 10.38 points over time, p < .001. Estimates of receptive language raw scores were on average 2.02 and increased by 12.76 points over time, p < .001.
The next set of models investigated whether changes in FLTs or parents total number of different word types and language scores were related to each other. Univariate latent growth curve models were run simultaneously and the correlation of one variable's latent change with the other variable's latent change was estimated. As expected, changes in total number of word types were positively related to changes in oral language. Similarly, changes in FLTs and measured language were related to one another. Specifically, lower level FLTs were negatively related to improvements in expressive and receptive language. In contrast, higher level FLTs were positively related to improvements in expressive and receptive language. Complete set of analyses is available upon request.
Dynamic Bivariate Latent Difference Score Modeling
Bivariate LDS modeling provides a flexible framework for testing one variable as a predictor of change in another. Thus, it evaluates the predictive associations in a multivariate change process. It models the relation in the opposite direction, to evaluate whether change is uni-or bidirectional (Ferrer & McArdle, 2010; McArdle & Hamagami, 2001 ). In this model (see Figure 1 ), many parameters were constrained; specifically, all the unlabeled arrows were constrained to one. The goal was to test specific hypotheses about which change process (FLTs, total word types, or oral language skills) was a leading indicator of the other. Thus, two coupling parameters were included in the model (a and b).
Model 1: Total number of different words and expressive language. This model examined the association between the total number of different word types used by parents and growth of expressive language (fit indices: log-likelihood = À2704.28, df = 23, AIC = 5466.57, BIC = 5539.70, RMSEA = .03). SES was a significant predictor of both initial level and change in expressive language over time, p < .01. Similarly, SES significantly affected initial level and change in the total number of different word types used by parents, p < .01. Controlling for SES, the number of total different word types did not significantly predict changes in expressive language over time (12 months t = À1.20, p > .05; 24 months t = À1.02, p > .05; 36 months t = À0.57, p > .05). In contrast, expressive language at baseline predicted changes in number of word types used at 12 months postimplantation (t = À2.75, p < .01). However, this association was no longer present at 24 and 36 months postimplantation, p > .05.
Model 2: Total number of different words and receptive language. This model examined the association between the total number of different word types used by parents and growth of receptive language (fit indices: log-likelihood = À2748.03, df = 23, AIC = 5554.06, BIC = 5627.19, RMSEA = .12). In this model, SES was only a significant predictor of initial level of receptive language and total number of word types; SES was not a significant predictor of change in language or number of word types over 3 years postimplantation. In contrast to Model 1, total number of word types significantly predicted growth in receptive language skills over time (12 months t = 2.74, p < .01, 24 months t = 2.83, p > .01, 36 months t = 3.00, p > .01; see Figure 2 ). Receptive language, however, did not predict changes in the use of different words over time, p > .05.
Model 3: Lower level language techniques and expressive language. Model 3 attempted to determine whether or not lower level FLTs predicted later change in expressive language scores (fit indices: log-likelihood = À2385.24, df = 23, AIC = 4828.47, BIC = 4901.60, RMSEA = 0.10). SES significantly affected initial expressive language scores (t = À3.04, p < .01) and change in expressive language over time (t = 2.81, p < .01). SES did not significantly influence initial level or change in lower level FLTs, p > .05. Controlling for SES, lower level FLTs did not significantly predict improvements in expressive language over 3 years of implantation. Specifically, they did not predict change in expressive language at 12 months (t = 1.88, p > .05), 24 months (t = 1.88, p > .05), or 36 months (t = 1.98, p > .05) postimplantation. Similarly, expressive language scores did not predict change in lower level FLTs at 12 months (t = 1.17, p > .05), 24 months (t = 1.00, p > .05), or 36 months (t = 0.89, p > .05) postimplantation.
Model 4: Lower level language techniques and receptive language. Similar to Model 3, Model 4 attempted to determine whether or not lower level FLTs predicted change in receptive language (fit indices: log-likelihood = À2416.50, df = 23, AIC = 4891.00, BIC = 4964.13, RMSEA = .10). SES predicted initial receptive language scores (p < .001); however, SES Figure 1 . This figure shows the final bivariate latent difference score model used to test the change in facilitative language techniques (FLTs) and language for each assessment point over 3 years. Note. Socioeconomic status was included as a covariate on initial scores and changes in those scores over time. Arrows in the model indicate that we tested the change process in both directions. It examined whether one variable predicted change in the other (e.g., baseline FLTs predicting change in language at 12-month postimplantation. BL = baseline assessment (prior to cochlear implantation); subscripted numbers indicate time in months postimplantation; LDS = latent difference score (change in variable); a and b = coupling parameters; structural parameters fixed to one are indicated by the light gray lines. These models were also tested for the effect of word types.
did not predict initial level of lower level techniques or changes in receptive language or strategies over time, p < .05. As expected, lower level FLTs did not predict improvements in receptive language over 3 years of cochlear implantation (12 months, t = 1.03, p < .05; 24 months, t = 1.03, p < .05; 36 months, t = 1.04, p < .05). Similar to Model 3, receptive language scores did not predict change in lower level FLTs at 12 months (t = 0.50, p > .05), 24 months (t = À0.58, p > .05), or 36 months (t = À1.50, p > .05) postimplantation.
Model 5: Higher level language techniques and expressive language. Model 5 attempted to determine whether higher level FLTs predicted change in expressive language scores (fit indices: log-likelihood = À2371.81, df = 23, AIC = 4801.62, BIC = 4874.75, RMSEA = .00). SES significantly affected initial level of expressive language (t = À4.68, p < .001); therefore, SES was included as a covariate in the model. SES did not significantly affect initial levels of higher level FLTs or changes in expressive language or strategies over time. As hypothesized, higher level FLTs significantly predicted improvements in expressive language over time (see Figure 3) . Increases in higher level FLTs predicted improvements in expressive language at 12 months (t = 3.00, p < .01), 24 months (t = 2.86, p < .01), and 36 months (t = 2.79, p < .01) postimplantation. Contrary to prior models, expressive language at baseline did predict an increase in the use of higher level FLTs at 12 months postimplantation (t = 2.51, p < .01). However, this association was no longer significant at 24 months and 36 months postimplantation.
Model 6: Higher level language techniques and receptive language. Model 6 attempted to determine whether or not higher level FLTs predicted change in receptive language (fit indices: log-likelihood = À2410.81, df = 25, AIC = 4875.62, BIC = 4943.71, RMSEA = .06). Similar to Model 5, SES significantly influenced initial levels of receptive language (t = À4.43, p < .001), but did not predict initial level of higher level FLTs or change in language or strategies over 3 years. Controlling for SES, the relation between higher level FLTs and change in receptive language trended toward significance at 12 months (t = 1.74, p < .08), 24 months (t = 1.82, p < .08), and 36 months (t = 1.85, p < .08) postimplantation. Similar to previous models, receptive language scores did not predict change in higher level FLTs over 3 years of postimplantation, p > .05.
In summary, total number of different word types significantly affected growth in receptive language, whereas higher level FLTs significantly impacted growth in expressive language skills over time. Number of word types did not affect expressive language and lower level FLTs did not significantly affect change in oral language skills over time. In terms of model fit, Models 1, 5, and 6 had the best model fit according to criteria established by Browne and Cudeck (1993) . These models had an RMSEA of .05 or less, indicating optimal levels of model fit. Note that the other models were able to converge but did not yield optimal levels of fit. 
Discussion
Although cochlear implantation in young, deaf children has been associated with significant improvements in oral language, there is a great deal of variability in these children's outcomes (Holt & Svirsky, 2008; Niparko et al., 2010; Spencer et al., 2011) . This study examined whether the quantity and quality of parental input affects growth of oral language drawing upon the largest, youngest and national sample of deaf children receiving cochlear implants. The major aim was to evaluate the effects of parental FLTs and word types on young deaf children's oral language development over 3 years postimplantation. Secondary aims included identifying the most frequent FLTs used by parents and comparing the types of FLTs used in a structured (art gallery) versus unstructured (free play) task. We also investigated how parents' use of total words, different word types, and MLUs in two different tasks changed over time.
On the basis of prior research on hearing children with language delays (Fey et al., 1999; Kaiser & Hancock, 2003; McCauley & Fey, 2006) and deaf preschool children with cochlear implants (DesJardin & Eisenberg, 2007; DesJardin et al., 2009) , it was hypothesized that higher level FLTs would be more effective in fostering the growth of language skills than lower level FLTs in this sample. Moderate support was found for this hypothesis. Higher level FLTs, such as recasts and open-ended questions, significantly predicted growth in expressive language but had no significant effect on the growth of receptive language. Similar positive results were found for parental use of dialogic reading, which is based on higher level FLTs and produced higher vocabulary development in deaf children (Fung, Chow, & McBride-Chang, 2005) . Note that we enrolled children who varied in their cause of deafness. Although the majority of children had sensorineural hearing losses (92%), a small number had auditory neuropathy, which may introduce more variability in the oral language development of children postimplantation. Thus, our results are a conservative test of the effects of these language techniques. Furthermore, our results showed that regardless of child or family characteristics (e.g., length of implant use, SES), higher level FLTs facilitated improvements in expressive language. Interestingly, although SES was related to initial levels of expressive and receptive language, it was not related to parental use of FLTs.
In contrast, lower level FLTs had no effect on either expressive or receptive language scores. Although lower level FLTs, such as linguistic mapping, imitation, and labeling may enhance language learning in young hearing children at the prelinguistic stage of development (Girolametto et al., 1999; McCauley & Fey, 2006; Weizman & Snow, 2001 ), they did not appear to affect language learning in this sample of infants and toddlers with cochlear implants. In contrast to the literature with preschool deaf children with cochlear implants, which showed a negative association between lower level FLTs and language (DesJardin & Eisenberg, 2007; DesJardin et al., 2009) , no effects were found for lower level FLTs. The positive effects of higher level FLTs may be partly explained by the parents' level of involvement and differing demands for the child's attention. For example, parents who are asking open-versus closed-ended questions are likely to provide more complex language, along with a demand for the child to attend and respond with two or more words. In contrast, closed-ended questions tend to be simpler and can be answered with a one-word or nonverbal response (nodding "yes"). Thus, higher level FLTs are providing an enriched language environment. Furthermore, prior studies have documented deficits in attention and behavioral control in young, deaf children with and without cochlear implants, suggesting that communication which requires some level of "joint attention" will produce better responses from children (Barker et al., 2009; Quittner et al., 2007; Smith, Quittner, Osberger, & Miyamoto, 1998) . Thus, higher level FLTs are more facilitative of language development in this population than lower level FLTs.
Our hypothesis that number of word types would positively affect the growth of language received partial support. Total number of different word types predicted greater improvements in receptive language; however, word types did not predict growth in expressive language. In contrast to the results for FLTs, SES was significantly related to number of word types at baseline and to change in number of word types predicting expressive language, but not to word types related to receptive language. These results are similar to the hearing literature showing that quantitative linguistic input is associated with better receptive and expressive language outcomes (Dickinson & Tabors, 2001; Fewell & Deutscher, 2004; Hart & Risley, 1999) . This positive association of word types with both expressive and receptive language has also been identified in preschool deaf children using cochlear implants (DesJardin & Eisenberg, 2007; DesJardin et al., 2009) . One explanation for our lack of findings in relation to expressive language is the young age of the children in our sample, who were predominantly in the prelinguistic stage of development (mean age of 15 months). At this stage, research suggests that children's receptive language skills are advancing more quickly than their expressive language abilities (Puckett, Black, Wittmer, & Peterson, 2009) , and in our case, parental use of word types may have only affected their development of receptive skills. Note that in general, our results showed that there were greater gaps in children's receptive than expressive language skills and receptive language was also the skill that evidenced the greatest gains across time (see Table 4 ).
A secondary aim was to assess the FLTs used by parents of young deaf children at baseline (prior to implantation) and for 3 years postimplantation. It was hypothesized that lower level techniques would be used more frequently with deaf children prior to cochlear implantation and higher level techniques would be used more frequently postimplantation. Findings showed that parents used a combination of lower and higher level FLTs during both videotaped parent-child interactions. Directives, comments, and close-ended questions were the most frequently used lower level strategies and parallel talk, open-ended questions, and recast were the most frequently used higher level strategies.
These results also strongly supported the hypothesis that, over time, parents would increase their use of higher level FLTs in their dyadic interactions. Over 3 years, higher level FLTs increased significantly from 25% to 50%, whereas lower level FLTs decreased significantly from 75% to 50%. To date, only two studies have investigated FLTs in deaf children with cochlear implants and only one study used a longitudinal design. The longitudinal study, which assessed phonological awareness and reading skills, showed that higher level FLTs positively contributed to children's literacy abilities . However, these studies used small, convenience samples from a single implant center and neither study reported descriptive information about the distribution of parents' use of these strategies in a dyadic context.
As expected, the structured art gallery task was more effective in fostering communication than the unstructured free play task, facilitating more and longer parental utterances and different word types. However, no differences were found in the use of FLTs. These findings are similar to those reported by Deckner et al. (2003) , who used a modified version of the art gallery task in typically developing hearing children. The use of pictorial materials, such as art gallery, may be optimal for assessing the quality of parental language input and teaching parents how to facilitate their child's communication skills (DesJardin & Eisenberg, 2007; Fung et al., 2005) . These results have important clinical implications because they suggest that parental linguistic input has important effects on the growth of language skills in young deaf children with cochlear implants. Use of higher level FLTs could potentially be taught to parents soon after the diagnosis and once a decision is made to implant a cochlear device.
Furthermore, although this study could not determine cause and effect, analyses were conducted to test both unidirectional and bidirectional effects. Specifically, we examined whether or not parents' use of higher level FLTs led to increases in oral language and simultaneously, whether children's expressive or receptive language skills led to increases in parents' use of higher level FLTs. As previously described, parents use of higher level FLTs predicted improvements in expressive language over 3 years postimplantation. Similarly, at baseline, level of expressive language, predicted changes in parents' use of different word types and higher level FLTs at 12 months. However, this was not found at subsequent assessment points or for receptive language. This suggests that there is a bidirectional association between higher level FLTs and expressive language within the 1st year of cochlear implantation. Parents of children with more oral language prior to implantation may have been reinforced in dyadic interactions with their child to use higher level strategies postimplantation. In contrast, for receptive language there is a unidirectional effect between number of different word types used by parents and growth in receptive language.
Limitations
First, although there was strong evidence that parents' use of higher level FLTs increased children's language skills over time, it is difficult to conclude that this association was causal without randomizing parents to different levels of parental language input. A future study is planned to test the effects of these language strategies in a randomized, controlled trial.
Second, the sample was limited to deaf children aged 2 years and younger receiving cochlear implants. Thus, we could not determine whether or not these FLTs would be effective in deaf children implanted after the age of 2 years. However, DesJardin and Eisenberg (2007) included older, implanted children and found positive effects for parents' FLTs.
Third, we relied on parental reports of their children's educational and rehabilitation strategies and thus, have limited data on the types of school or rehabilitation programs these children attended. Due to the young age of the sample, few of these children were enrolled in any formal preschool program. Furthermore, these six implant centers drew from a large geographical area, with children attending a variety of different, local (private and public) programs. A requirement of the study, however, was a commitment by parents to educate their children in oral language. Thus, parents and children did not use any formal sign language.
Finally, in the 1st year of the study, many children had little to no formal oral language and thus, had limited variability in their language scores. A different language measure, designed for younger children might have been more sensitive to changes in language early in the study.
Clinical Implications and Future Directions
These results have several implications for early intervention for families and their young deaf children who receive cochlear implants. Results suggest that parents play an important role in facilitating their child's oral language development postimplantation by using higher level strategies and more word types. Thus, high quality parent-child interactions, combining higher level FLTs and a variety of word choices appear to be optimal for children's oral language development in the first 3 years postimplantation.
Similar to the classic study by Hart and Risley (1999) , SES was associated with parents' use of different word types and children's initial levels of expressive and receptive language. Note, however, that SES did not predict initial use of higher or lower FLTs or change in the use of these strategies over time. Thus, parents with more limited education and family income appeared to be equally capable of using higher level FLTs when compared to those from a higher SES group. Thus, training parents in the use of these strategies is likely to be effective across socioeconomic strata. The categorization and identification of effective parental language strategies could serve as a guide for early interventionists, preschool teachers, and professionals who work with children and their parents following cochlear implantation.
Given that newborn screening for childhood deafness has been implemented nationally, children with severe to profound hearing loss will be identified earlier and thus, may receive a cochlear implant in the 1st year of life. Development of an evidence-based, family-focused intervention to promote oral language development could potentially be incorporated into existing early intervention programs for young deaf children and their families. A "coaching model," in which parents receive handson training and practice in using FLTs is one way to empower parents in supporting their children's communication skills (DesJardin, 2009) . In sum, family-focused early intervention programs could serve as the vehicle to disseminate this intervention more broadly, ultimately increasing communicative competence in young deaf children who receive cochlear implants.
